The efficiency of the extract of Persian walnut leaves in stabilizing sunflower oil during oven storage test was studied. The extract of the walnut leaves was prepared with microwave assisted extraction at concentration of methanol 60%. The yield extraction was 32% and the total phenolics were found to be 3704.32±87.60 mg as gallic acid /100g dry leaves. Flavonoids as a part of phenolics were 25.1% of the total phenols (932.2÷3704.32×100=25.1%). The antioxidant activity was measured by reducing ability assay and DPPH radical scavenging assay. Reducing ability assay (EC50 0.143±0.007 mg/ml) and DPPH radical scavenging activity (EC 50 0.080±0.010 mg/ml) revealed that this extract has a high antioxidant activity. Oxidative stability of sunflower oil by walnut leaves was compared with BHA and TBHQ. The results revealed that 320 ppm (0.32 mg/ml) of the Persian walnut leaves extract was comparable with 200 ppm BHA.
Introduction
The possible synthetic antioxidants mutagenecity and carcinogenesis potential led the consumers to natural antioxidants. In the last few years, an increased attention has been focused on natural antioxidants, such as phenolic compounds (Shaker, 2005) . Walnut leaves are considered a source of healthcare compounds, and have been extensively used in traditional medicine for treatment of venous insufficiency and haemorrhoidal symptomatology, and for its antidiarrheic, antihelmintic, depurative and astringent properties (Van Hellemont, 1986; Wichtl and Anton, 1999) . Keratolytic, antifungal, hypoglycaemic, hypotensive, anti-scrofulous and sedative activities have also been described (Valnet, 1992) . In Portugal, as in some other European countries, especially in rural areas, dry walnut leaves are frequently used as an infusion. The effectiveness of different natural sources in stabilizing vegetable oils has been previously studied (Shahidi et al., 1992; Shahidi and Wanasundara, 1995) , but information on the walnut leaf is almost inexistent. On the other hand, the effect of antioxidant potential of walnut leaves on sunflower oil has not been studied.
In this study, the antioxidant potential of Persian walnut leaves was assessed by reducing ability and scavenging effect on DPPH (2,2-diphenyl-1 picrylhydrazyl) radicals assays. Refined, bleached, and deodorized sunflower oil was used to evaluate the antioxidant efficiency of Persian walnut leaves extract.
Materials and Methods
Chemicals and reagent Refined, bleached, deodorized sunflower oil (linoleic acid 77%, oleic acid 13%, palmetic acid 7%, stearic acid 2.5%, trans linoleic acid and oleic acid 0.3%) peroxide value (PV) was 0.4) without added antioxidant was obtained from Behshahr Oil Industry (Tehran, Iran). Persian walnut (Juglans regia L., Accession 1) leaves were collected from research botanic orchard of the faculty of agriculture in Karaj. Methanol was obtained from Mojalali lab (Tehran, Iran). BHA (2-tert-butyl-4-methoxyphenol), TBHQ (tert-butylhydroquinone), DPPH (2,2-Diphenyl-1 picrylhydrazyl) were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Walnut leaves sample Persian walnut leaves were collected on July 2008, at the end of the month in Karaj, Iran. After washing to remove dust and residual of antipest, the leaves were dried in shade for 2 days. Each sample was powdered and passed through the sieve (mesh no. 20).
Extraction of Phenolics The samples were soaked in 60% methanol for 90 min as recommended by Pan et al. (2003) in a ratio of liquid to solid 20:1. The suspensions Scavenging effect assay The capacity to scavenge the DPPH free radical was monitored according to a method reported before (Hatano et al., 1988) . Various concentrations of sample extracts (0.3 mL) were mixed with 2.7 mL of methanolic solution containing DPPH radicals (6 ×10 -5 mol/L). The mixtures were shaken vigorously and left to stand in the dark until stable absorption values were obtained. The reduction of the DPPH radical was measured by continuously monitoring the decrease of absorption at 517 nm. DPPH scavenging effect was calculated as a percentage of DPPH discoloration using the following equation:
Where A S is the absorbance of the solution when the sample extract has been added at a particular level and A DPPH is the absorbance of the DPPH solution. The extract concentration providing 50% inhibition (EC 50 ) was calculated from the graph of scavenging effect percentage against extract concentration. BHA and TBHQ were used as reference compounds.
Oven test Optimum concentration of walnut extract was employed to study the effect of the extracts on the oxidative stability of sunflower oil. Then, the oil was subjected to rotary evaporation at 40℃ under reduced pressure for removal of the solvent. Synthetic antioxidants, BHA and TBHQ, were employed at their legal limits of 200 ppm and 100 ppm respectively to compare the efficiency of the extract. All the samples and control samples were placed in equal bakers and stored in 60±1℃ (AOCS, 1997). Analyses were carried out in regular intervals of 3 days (72 h) until the development of rancid odor and decrease of PV was occurred (induction period was the days that pass to rancidity and off-odor occurred). During this period all the samples subjected to heat and air that accelerate the auto-oxidation. At least three samples of each category were analyzed for odor by three trained organoleptic panel (triangle test) and PV. For sensory evaluation the trained panel considered the oil samples (odor, sight) until rancid odor and increasing viscosity (by the naked eye) were occurred. PV was determined using the AOCS (AOCS, 1997).
Result and Discussion
Total phenolics and total flavonoids determination Table  1 shows the amount of total phenols and flavonoids exists in the extract. Phenolic acids and flavanoids, two main groups of compounds in walnut leaf extract (Amaral et al., 2004) , have been the subject of several studied due to their antioxidant potential and their capability of free radical scavenging (Pereira et al., 2007) . In total flavonoid determination, we used quercetin as a standard compound because it is one of the widely spread flavonoids in walnut leaves extract (Amaral were irradiated by microwaves (1000 W, Butan, Iran) as the follows: 2 min 10% full power on (heating to the desired temperature, lower than 40℃ and 3 min power off and then 1 min 10% full power on (for heating) and 3 min power off (for cooling) and so on to the pre-set extraction time (4 min). Super-boiling of the solution did not occur. The extract was then filtered through S&S No. 589 paper, evaporated to dryness under reduced pressure (40℃). The extracts were weighed to calculate the extraction yield (%).
Determination of total phenolic Total phenol contents in the obtained extracts were estimated by a colorimetric assay based on the procedures described by Singleton and Rossi (1965) with some modifications. Briefly, 1 mL of the sample was mixed with 1 mL of Folin and Ciocalteu's phenol reagent. After 3 min, 1 mL of the saturated sodium carbonate solution was added to the mixture and adjusted to 10 mL with distilled water. The reaction was kept in the dark for 90 min, after which the absorbance was read at 725 nm using spectrophotometer (BioQuest, CE 2505, England). Gallic acid was used for constructing the standard curve. The results were expressed as mg of gallic acid equivalents/100g of dried leaves.
Determination of total flavonoids Determination of total flavonoids was done by aluminum nitrate colorimetric method (Nieva Moreno et al., 2000) . One gram of MAE dry extract was redissolved in 20 mL methanol (95%). Then 0.1 mL of that was diluted with 0.9 mL aqueous methanol (80%). Aliquots of diluted extracts (0.5 mL) were added to test tubes and mixed with 0.1 mL of 10% aluminum nitrate, 0.1 mL of 1 M aqueous potassium acetate and 4.3 mL of 80% methanol. After standing for 40 min at room temperature, the absorbance of the reaction mixtures was measured at 415 nm. Quercetin was used as a standard compound in the range of 5-100 µg/mL concentration to construct a standard curve.
Antioxidant activity Reducing ability assay The reducing ability was determined according to a described procedure by Oyaizu (1896) . Various concentrations of the sample extracts (2.5 mL) were mixed with 2.5 mL of 200 mmol/L sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The mixture was incubated at 50℃ for 20 min. After incubation, 2.5 mL of 10% trichloroacetic acid (w/v) was added and then the mixture was centrifuged at 1000 rpm in a refrigerated centrifuge (UNIVERSAL 320), for 8 min. The upper layer (5 mL) was mixed with 5 mL of deionised water and 1 mL of 0.1% of ferric chloride, and the absorbance was measured spectrophotometrically at 700 nm. The extract concentration providing 0.5 of absorbance (EC 50 ) was calculated from the graph of absorbance registered at 700 nm against the correspondent extract concentration. BHA and α-tocopherol were used as reference compounds. comparable with 200 ppm BHA (p>0.05).
A regular increase in PV as a function of storage time was observed for all the samples at all intervals. After the 3rd day, there was a tremendous rise in PV of control samples, which rose up to the 12th day of the analysis, then followed by a sharp decrease and development of rancidity odor. This may be related to breakdown products of lipid hydroperoxides (Shahidi et al., 1992) . Peroxide content for all the stabilized samples also increased but this increase was slow. However PV of sunflower oil stabilized with walnut leaves extract was lower than BHA at all storage periods, and decreased after 24th day, there was no significant difference between PV of sunflower oil stabilized with walnut leaves extracts and BHA. PV of TBHQ was lower than sunflower oil stabilized with walnut leaves extract at the storage period, followed by a gradual increase up to the 30th day. These data revealed that 320 ppm Persian walnut leaves extract was comparable with 200 ppm BHA (p>0.05), but less effective than the synet al., 2004) . Flavonoids as a part of phenolics involve 25.1% of total phenols (932.2÷3704.3×100=25.1%).
Antioxidant Activity In the reducing ability assay, the yellow color of the test solution changes to various shades of green and blue, depending on the reducing ability of each extract. The presence of reducers (i.e. antioxidants) causes the reduction of the Fe 3+ /ferricyanide complex to the ferrous form. Therefore, Fe 2+ concentration can be monitored by measuring the formation of Perl's Prussian blue at 700 nm. Persian walnut leaves showed a high reducing ability at very low concentrations (Table 2) . Also, Table 2 . displays a good scavenging potential when comparing to the ones obtained for the standards (BHA and TBHQ). The scavenging effect on DPPH radicals assay showed concentration-dependent activity, but the relation was not completely linear. This relation was linear below scavenging effect of 50% and then increased slowly. After the scavenging effect of 90%, no significant increase in the scavenging effect was seen with increasing concentration (Fig. 1) . The optimum concentration of walnut leaves extract, 0.32 mg/mL (320 mg/L=320 ppm) that causes 92% DPPH radicals scavenging, was used as antioxidant for stabilizing sunflower oil. We dissolved 32 mg dry extract by solvent and add it to 100 mL sunflower oil. Then the oil subjected to rotary evaporation under reduced pressure for removal of the solvent. Figure 2 shows the highest PV for control followed by treated samples with BHA, leaves extract, and TBHQ respectively. Leaves extract at the concentration of 0.32 mg/mL (320 mg/L=320 ppm), could control peroxide value and revealed good antioxidant efficiency in stabilization of the oil. These data revealed that 320 ppm Persian walnut leaves extract was Stabilizing Sunflower Oil by Walnut Leaves a Results are presented as mean ± SD (n = 3). thetic antioxidant TBHQ. Some studies showed that methanolic extract of garlic and pomegranate peel (1000 ppm) for stabilizing sunflower oil can be done better than BHA and BHT, respectively (Iqbal and Bhanger, 2005; Iqbal et al., 2007) . Also, methanolic extraction of phenolic rich fractions obtained from black cumin (Nigella sativa) seedcake can be used better than BHA for stabilizing corn oil (Mariod et al., 2009) . However, this study showed that walnut leaves extract can be used in lower concentrations for stabilizing sunflower oil (320 ppm). Rosemary extracts high in carnosic acid exhibited stronger antioxidant activity in sunflower oil than walnut leaves extract. However, its antioxidant activity was less than that of TBHQ (Zhang et al., 2009) . Sensory evaluation All the samples were kept in the oven until the off-odor and rancidity were occurred (induction period). This point is coincided with sharp decreasing of PV and production of volatile compound. Sensory evaluation of the samples during oven storage test showed that walnut leaves extract had a level of good stability. Development of rancid odor occurred in the 24 th days of storage, while after 15 days rancidity and off-flavor occurred in sunflower oil stabilized with BHA (Table 3) .
Conclusion
Although sunflower oil is difficult to stabilize because of high linoleic acid content, Persian walnut leaves can stabilize sunflower oil as well as BHA; therefore, it can be used as a well potential antioxidant source of natural origin. This is the first report using walnut leaves in stabilizing sunflower oil. Further investigations are recommended for practical use of the extract in manufacturing practice. a Results are presented as mean (n = 3).
